Surface reliefs due to phase transformations in a 56.8Ni-5.6Pt-37.6Al at. pct alloy were characterized in situ using digital holographic imaging during thermal cycling from room temperature up to 405 K (132°C). The 3D images of the surface revealed that the austenite plates formed during heating are exactly the same for each cycle, which is not the case for the martensite plates formed during cooling. The martensite start temperature was found to vary by up to~20 K from one grain to another within the same specimen. The absence of Ni 3 Al c¢ precipitates, due to the relatively high Al content, results in the propagation of the martensitic transformation over grains up to a millimeter in size. Bright-field optical imaging showed the formation of large martensite plates in some grains, with cracks perpendicular to these plates, upon cycling. Cracks were also observed at grain boundaries and could be related to the height variations across the grain boundaries.
I. INTRODUCTION
NIAL and NiPtAl coatings are widely used in the gas turbine industry to protect high-temperature components such as turbine blades from oxidation and corrosion. [1] Repeated in-service cycling from room temperature to 1373 K (1100°C) and above can result in the progressive deformation of the coating, known as rumpling, [2] [3] [4] [5] or crack formation, [6, 7] leading to component failure. Many degradation mechanisms have been proposed and modeled, [8] and the martensitic transformation occurring during cooling in these alloys is of particular concern. [9] [10] [11] [12] [13] It is indeed well-known that when the Ni content in NiAl is above~60 at. pct, a transformation from B2 b-NiAl to L1 0 martensitic phase will happen upon cooling, [14] with the martensitic transformation starting temperature (M s ) increasing bỹ 124 K for a 1 at. pct increase in Ni concentration. [15] Similar behavior is observed for ternary NiPtAl alloys with M s temperature highly dependent on Pt concentration. [16] For example, the M s temperatures in binary 63Ni-37Al, ternary 53Ni-5Pt-37Al, and ternary 53Ni-10Pt-37Al alloys (all compositions in at. pct) were estimated to be~398 K, [14] 342 K, 349 K, 829 K, 1014 K (125°C, 69°C, 76°C, 556°C, 741°C), [16] respectively, depending on the cooling rate.
The composition of the as-deposited NiPtAl bond coating is typically Ni-5Pt-38-40Al at. pct, plus up to 5 at. pct of Cr and Co depending on the composition of the substrate. If the Al concentration is abovẽ 38 at. pct, the martensitic transformation is not observed because the M s temperature is below room temperature. However, the Al, Ni, and Pt concentration will change over time due to the interdiffusion with the substrate at high temperature and the consumption of Al to form a protective alumina scale. The M s temperature will therefore increase with time, and Chen et al. [11] estimated the M s temperature for a NiPtAl bond coat deposited on single crystal superalloy Rene N5 to bẽ 873 K (600°C) after cycling between room temperature and 1423 K (1150°C) for a duration equivalent tõ 28 pct of the overall coating lifetime in laboratory furnace cycling tests. The same authors calculated the change of volume between the austenite and martensite to be~2 pct, and demonstrated that the transformation would generate significant stress in the coating during thermal cycling. [12] In this paper, the martensitic transformation occurring in a 56.8Ni-5.6Pt-37.6Al model alloy was characterized using conventional bright-field microscopy, thermal imaging, and an advanced digital holographic imaging system. [17] This composition is a simplified representation (without Co, Cr, etc.) of a NiPtAl coating after short exposure at high temperature, and the M s temperature is expected to be less than 423 K (150°C). [16] The effect of repeated cycling from room BENJAMIN P. THIESING, and CHRISTOPHER J. MANN are with the Northern Arizona University, Flagstaff, AZ 86011-6010. Contact e-mail: benjaminpthiesing@nau.edu SEBASTIEN DRYEPONDT, DONOVAN LEONARD, and RALPH B. DINWIDDIE are with the Oak Ridge National Laboratory, Oak Ridge, TN 37831-6156.
Manuscript submitted February 7, 2018 . Article published online August 13, 2018 temperature to 405 K (132°C), and the resulting phase transformation effect on specimen deformation and cracking, will be discussed.
II. MATERIAL AND METHODS
A 56.8Ni-5.6Pt-37.6Al at. pct alloy (referred to as Ni-6Pt-38Al) plus 0.05 at. pct Hf, to improve its oxidation resistance, was vacuum-induction melted and cast in a 16-mm-diameter water-chilled copper mold. The alloy was then vacuum annealed at 1573 K (1300°C) to homogenize the microstructure, and the average grain size was measured to be 1.1 mm with a standard deviation of 0.4 mm. Optical and scanning electron microscopy revealed mainly large martensite grains, [13] with the presence of few Hf-rich precipitates at the grain boundary and in the grain, and very few c¢ precipitates at grain boundary. Addition of only 0.05 at. pct of Hf is not expected to affect significantly the martensitic transformation in the alloy. The exact composition of the alloy was measured by inductively coupled plasma combustion, and inert gas fusion analysis. Rectangular specimens (~3 9~3 9~1 mm) were machined and then polished down to 0.05 lm finish. The three specimens examined in this paper are shown in Figure 1 with the different grains of interest labeled. Figure 1 (c) contains an inset mosaic of the entire surface of specimen 3 which shows the area-observed/total-specimen size ratio to be~25 pct.
A Linkam TS1500 heat stage was used to cycle specimens from room temperature to 405 K (132°C) at a rate of 20 K/min in lab air. The average transformation temperatures during heating and cooling werẽ 342 K and 344 K (69°C and 71°C), respectively, thus a maximum temperature of 405 K (132°C) was reached to ensure complete transformation of the specimen.
The top of the ceramic crucible which holds the specimen inside the heat stage was left open to create a larger viewing area and allow for the imaging of specific points on the specimen. Therefore, the temperature recorded during each cycle by the heat stage thermocouple, located at the bottom of the crucible, does not match exactly the surface temperature of the specimen. To increase the accuracy of the transformation temperatures, a K-type thermocouple was used to determine the surface temperature of a specimen during a heating cycle. The thermocouple was attached using~1 mm 2 of solder to the center of a specimen similar in size to the ones presented here. These temperatures were compared to the measurements recorded by the heat stage to establish the relationship between the two sets of data. The temperatures stated in this work have been calibrated to better reflect the actual temperature on the surface of the specimen. The time-temperature graphs for the heat stage and thermocouple are shown in Figure 2 (a).
Thermal imaging was performed to assess the temperature gradient across the specimen. A FLIR SC-7609 MWIR Camera was used to image the surfaces of specimen 1 and specimen 3 during heating cycles. Thermal imaging relies upon known emissivity in order to determine the corresponding temperature. Due to spatial and temporal emissivity variations on the surface of the specimens, especially in the martensite state, thermal imaging does not provide precise temperature measurements across the specimen during a heating cycle. However, thermal imaging of the specimen after complete transformation to austenite at T = 403 K (130°C), where the emissivity of the specimen is more uniform, shows no clear gradient as can be seen in Figure 2b .
The heat stage was installed on a digital holographic imaging system to generate 3D surface maps. Digital holography (DH) uses one or more lasers to create 3D surface profiles with an axial resolution on the order of a few nanometers. For each laser, the beam is split into an object beam and a reference beam. The object beam reflects off of the specimen and then recombines with the reference beam to form an interference pattern, known as a hologram, which is recorded by a charge-coupled device (CCD) camera. Computational processing of the image extracts the phase information from the hologram which is then used to create a surface profile of the specimen. Details of the experimental set-up and holography principles can be found elsewhere. [17] Fig. 1-Specimens presented in this paper with grains of interest labeled: (a) specimen 1, (b) specimen 2, and (c) specimen 3 with an inset mosaic showing the entire specimen surface for comparison of the observed grain size to total specimen size.
DH allows for relative height measurements of the captured images. Absolute height measurements are not attainable for various reasons. Most importantly, as part of the digital holography process, a reference image of a mirror is used. Variations in the angle between the surface of the mirror and the surface of the specimen result in a separation of the ''spots'' in Fourier space. This separation leads to an artificial tilt of the specimen's surface profile during reconstruction. In addition, the tilt of the specimen's top surface is affected by changes in the surface profile of the bottom of the specimen which are unknown and therefore cannot be accounted for. For these reasons, the average slopes in the x and y direction have been calculated and used to remove the overall tilt in the 3D images.
Specimens were cycled up to 120 times, and after various cycles, optical images of the specimen surfaces were taken using conventional bright-field and differential interference contrast (Nomarski) imaging.
Selected specimens were polished after cycling and the specimen chemical composition was measured using a JEOL JXA-8200 electron probe microanalyzer (EPMA) equipped with 5 vertical spectrometers. Vickers hardness measurement was also conducted using a LECO M-400-H2 tester with a 200 g applied load.
III. RESULTS

A. Surface Deformation
Bright-field images of specimen 2 after 1, 5, 15, and 50 temperature cycles are shown in Figure 3 . Large areas, often corresponding to an entire grain, exhibit plate-like features resulting from the austenite to martensite transformation during specimen cooling. Significant changes can be observed between cycle 1 and cycle 5 with different orientations of the martensite plates for some grains, see arrows in Figure 4 shows a sequence of CCD images during specimen cooling and heating for two consecutive cycles in an area where the martensite plate orientation changed after cycle 32 compared to after cycle 31. The images at temperatures above 329 K (56°C) during cycle 31 cooling are not displayed, but are nearly identical to the image in Figure 4 (a). The austenite plates that can be seen in Figure 4 (a) formed on the specimen during heating of the first cycle after having been polished in the martensite state.
It appears clear that the austenite to martensite transformation proceeds by the advancement of wedges [15] and the formation of new martensite plates next to the existing plates. However, the martensite transformation originated from different directions between the two cycles leading to very different plate patterns at room temperature. The four images (Figures 4(e) through (h)) corresponding to the transformation from martensite to austenite during heating show the progressive disappearance of the martensite plates with a propagation of the transformation in the reverse direction. Although the surface morphology was different for each cycle at room temperature (Figures 4(d) and (l)), the images after the martensite to austenite transformation (Figure 4 (a), (h), and (i) show that the specimen surface returns to the same shape each cycle. Again, these austenite plates formed during the first heating segment and were observed at each cycle at temperature above the martensite to austenite transformation. These austenite plates do not seem to play a role in martensite nucleation. Video S1 shows the cycles depicted in Figure 4 and highlights the change in the martensite state.
In addition, thermal imaging allows the observation of the martensite to austenite and reversed transformations for entire specimen. Figure 5 (and more convincingly in the corresponding videos) shows that the propagation of the transformation seems to jump from one grain to another. Video S2 and Video S3 were acquired during thermal imaging for specimens 3 and 1, respectively, and show the transformations during a heating cycle. Figure 6 displays 3D DH images of specimen 1, grain 1, obtained during cycling in an area where the martensite plates maintained the same general orientation after each cycle. The two identical images of the austenite at 403 K (130°C) (Figures 6(a) and (c) clearly demonstrate that the Ni-6Pt-38Al alloy exhibits a shape memory effect. For all specimens, the martensite to austenite transformation resulted in a surface morphology that remained the same for each cycle. This is in contrast to the austenite to martensite transformation which varied from cycle to cycle (Figures 6(b) and (d) ).
Video S4 shows the cycle depicted in Figure 6 . Surface profile cross sections during the martensitic transformation of the area in Figure 6 during cycle 2 are shown in Figure 7 (a). Figure 7 (b) shows the cross sections for cycles 1-4 at 403 K (130°C). Again, nearly identical profiles were observed confirming a shape memory effect for the Ni-6Pt-38Al alloy.
DH allows for the calculation during cycling of standard roughness parameters such as the root mean square roughness R q ,
where z i,j is the height at x = i and y = j and (n,m) is the image pixel range. Figure 8 displays the evolution of R q during heating and cooling of the exact same area for the first three cycles and in an area close to the previous one for cycles 118 and 119. The austenite finish (A f ) and (M s ) temperatures are easily identifiable by a sharp change in R q. The values for austenite start (A s ) and the martensite finish (M f ) temperatures are not as clear, thus the temperatures presented here are the A f and M s .
Again, for a given area, the R q value for a fully austenitic specimen remains the same at each cycle, but slight variations exist at temperature below M s . Overall, repeated thermal cycling to 405 K (132°C) did not have a significant impact on R q , A f , or M s . The slight difference in R q values between cycles 1 to 3 and cycles 118 to 119 at temperature above A f is mainly due to the fact that the areas scanned were not exactly the same.
The sharp change of R q values during the martensite to austenite or the reverse transformation was used to estimate A f and M s in various grains of three coupons, and the data are summarized in Table I . A f varied from 328 K to 353 K (55°C to 80°C), with an average value of 342 K (69°C), and M s varied from 330 K to 352 K (57°C to 79°C), with an average value of 344 K (71°C).
To assess potential causes for these A f and M s variations, EPMA and hardness measurements were conducted on specimen 2, and the Ni, Al, and Pt chemical composition for four grains of specimen 2 are given in Table II. Composition variations in the same area of a given grain are limited, but more pronounced from one grain to another, with for example, Ni concentration varying from 56.9 at. pct in grain 1 to 59.7 at. pct in grain 3.
Regarding the hardness measurements, Figure 9 shows that significant variations were observed locally, with hardness values from 370HV to 440HV. Comparison with a coupon that was not cycled highlights also an increase of hardness from 358HV for the as-fabricated coupon to 400HV after 120 cycles.
B. Alloy Cracking
The brittleness of nickel aluminide alloys is wellknown, [18] and is one of the reasons for the limited use of these alloys as structural materials. [19] Small flaws/ cracks, like the ones in grain 3 of specimen 3, were locally observed before any thermal cycling of the alloy and were most likely attributed to test specimen preparation. These cracks remained the same and did not propagate over thermal cycling (Figures 10(b) and (c)).
The formation of cracks was observed in limited cases at grain boundaries after only a few cycles. An example can be seen in Figure 11(a) . As shown in Figure 11 (b), a significant height difference was observed in the martensite between the two grains on opposite sides of the grain boundary. Two main factors make the crack itself hard to discern in the 3D reconstruction image. First, DH relies upon reflection of the object beam back to the CCD camera to create an image; the crack in the specimen impedes the reflection of the laser. In addition, the lateral resolution in DH is diffraction limited based on the magnification of the microscope objective used. The white arrows in Figure 11(b) show the location of the crack.
In other cases, the grain boundary's height itself was different than the surrounding grains. The anisotropic volume change due to the transformation from a primitive cubic austenite to the tetragonal martensite [20] might explain the height difference observed between two adjacent grains, and favor crack formation at specific grain boundaries.
It was previously pointed out that cracks like those in Figure 3 can form after repeated thermal cycling. [15] Higher magnification images illustrating the crack formation and propagation are shown in Figure 12 . It is clear that on one side of the crack, the martensitic plate structure was evolving with plates becoming larger, perfectly parallel to each other, and perpendicular to the cracks. On the contrary, the plate structure remains more or less the same over time on the other side. The large-plate structures, with cracks formed at the end, were present in only one or two grains for each of the two specimens with a minimum of 50 cycles, and the cracks formed relatively close to grain boundaries as in Figure 11 . The martensite formation during cooling from 339 K to 329 K (66°C to 56°C), which is associated with the same type of cracks as in Figures 3 and 12 , is presented in Figure 13 . Figure 13 (a), which looks identical to the images acquired during cooling from 403 K to 340 K (130°C to 67°C), shows the austenite relief plates and contains an arrow indicating the starting point and direction of the transformation. The features at the surface are not scratches since the specimen was carefully polished to a 0.05 lm finish, but come from the multiple transformations from martensite to austenite. The surface started to change slightly at 338 K (65°C) and the arrows in Figure 13 (b), taken at 336 K (63°C), highlight that the martensitic transformation initiated at the center and tip of the crack. At this stage, only two thin plates are visible. After cooling down to 333 K (60°C), new plates have formed on both sides of the cracks, and most of them originated from the crack. More plates form while at 333 K (60°C), as shown in Figure 13 (c) where the arrows indicate a reversal in the direction of the transformation, and in Figure 13 (d) where the arrow shows the direction of propagation on top side of crack. Cooling to 332 K (59°C) led to the formation of multiple small martensitic plates on the left side of the crack and to the formation of a few large plates on the lower right side of the crack. When the temperature dropped to 329 K (56°C), a clear distinction was observed between the wedge-like plate on the top side of the crack and the rectangular plate on the bottom side of the crack. This sequence of images clearly demonstrates that the cracks become a preferential initiation site of the martensite transformation.
Video S5 shows the entire cycle from Figure 13 . Finally, 3D images of the right side of the crack in Figure 13 at 23°C and 403 K (130°C) are displayed in Figure 14 and show that even after transformation to austenite the crack is still present. No significant difference in height was observed between each side of the crack in the austenite phase (Figure 14(c) ) indicating Figure 14 and highlights the change in surface feature height.
IV. DISCUSSION
A. Characterization of the Martensitic Transformation
Several papers have focused on the microstructure characterization of NiAl and NiPtAl martensite phase in bulk alloys and coatings at the nano-scale level, showing the presence of micro-twinned martensite plates. [11, [20] [21] [22] Only Smialek and Hehemann [15] studied the evolution of surface relief during thermal cycling of NiAl, and their findings on Ni-6Pt-38Al are very similar. They noticed indeed that the martensitic relief during cooling could be changed by repeated cycling, but the austenite relief remained the same. The use of DH imaging revealed that the austenite relief is in fact exactly the same each cycle for Ni-6Pt-38Al, the 3D surface profiles at temperature greater than the A f being identical (Figures 6 and 7) . On the contrary, the martensitic relief pattern after cooling to room temperature changed significantly in some grains for the first 5 cycles (Figure 3) , and from cycle 31 to 32 (Figure 4) . The transformation from austenite to martensite leads to a local increase in internal strain energy that will in turn favor further transformation of the austenite into martensite.
The martensite formation occurs therefore through both the advancement of wedges and the formation of new plates next to the existing ones, leading to a 2D transformation propagation. During the first cycles, competition between the martensite nucleation sites results in microstructures at room temperature that can differ after each cycle (Figures 3(a) and (b) ). This transition period is relatively short, and once the stress state in the austenite alloy reached a steady state, the martensite transformation always starts from the same nucleation sites, and the microstructures at room temperature looks alike after each cycle (Figures 3(c)  and (d) ).
Figures 12 and 13 show more significant changes in a few grains with the wedge-like microstructure being replaced by large rectangular plates after repeated cycles. This could be due to a change of the transformation propagation mechanisms, with the formation of new plates next to the initial ones followed by their lateral growth, rather than the propagation of the wedge-like plates. Such a lateral expansion of the martensite plates during cooling was also observed by Smialek and Hehemann. [15] This change of relief pattern is of particular interest due to the subsequent formation of cracks perpendicular to the rectangular martensite plates. These cracks often separate a wedge-type microstructure and rectangular martensite plates, which indicates that a driving force for crack nucleation could be an incompatibility between two different transformation mechanisms. In addition, the crack modifies the stress state in its vicinity, and Figure 13 shows that the first martensite plates initiated from the crack. The crack is therefore a new interface, separating on one side large plates that can be developed in very large grains, and on the other side a wedge-like structure confined between two interfaces, the crack and grain boundary. Electron backscatter diffraction measurements are needed to assess if the large plates only form in grains with specific orientation. It is also worth noting that similar cracks were previously observed by Smialek and Hehemann, [15] but no comments were offered on the crack formation. The propagation of the transformation is fast and looks more or less continuous inside each individual grain. However, Table I shows that for the three coupons studied, the M s temperature varied from 330 K to 352 K (57°C to 79°C), even if the transformation of one grain promotes the transformation of the adjacent grains ( Figure 5 ). As shown in Table II , such M s variation from one grain to another could come from chemical composition variation in the specimens. Smialek and Hehemann [15] estimated indeed that the martensitic transformation starting temperature (M s ) increased by~124°C for a 1 at. pct increase in Ni concentration for NiAl alloys, and we measured Ni concentration variations up to 2.8 at. pct between one grain and another. Our hardness results also show that other parameters, e.g., the evolution of the stress state or local microstructure changes, are likely to play a role, but extensive microstructure characterization which would require transmission electron microscopy [20] [21] [22] is beyond the scope of this paper. Note that the grain dependence of the M s temperature is a likely explanation for the ''burst'' behavior observed by Sordelet et al. [16] during differential scanning calorimetry measurements of a very similar Ni-37Al-5Pt specimen. They indeed reported a series of individual exothermic peaks instead of a smooth continuous peak for a Ni-37Pt-10Al alloy and a more complex Ni-35Al-6.3Pt-4, 3Co-4Cr-0.1Mo-0.23Ta-0.03W alloy.
B. Martensitic Transformation in Coatings
The composition of diffusion coatings is often complex, due to the numerous elements present in the substrate, and will vary significantly during thermal cycling due to the consumption of Al by oxidation and the interdiffusion with the substrate. In most cases, the Al concentration will reach~38 at. pct after short-or long-term exposure at high temperature, and the martensite transformation will occur. Each coating grain will exhibit martensite plates with a specific crystallographic orientation relationship, as illustrated by Zhanget al. [9] for NiAl and NiPtAl coatings deposited on superalloy Rene N5' and oxidized at 1423 K (1150°C) for 100 hours. Large areas with the same martensite plate structure are, however, possible because austenite is the only phase present. As expected from the ternary Ni-Pt-Al diagram, [23] a further decrease in the Al content will lead to the formation of c¢-Ni 3 Al and Figure 15 shows a bright-field image of the microstructure of a Ni-35Al-6Pt+Hf alloy, fabricated the same way as the Ni-6Pt-38Al at. pct alloy. [13] Multiple small areas of martensite plates were observed in each grain between the long c¢-Ni 3 Al precipitates. The difference between Ni-38Al-6Pt and Ni-35Al-6Pt (+Hf) is attributed to the many interfaces between the beta matrix and the elongated Ni 3 Al precipitates, which increase the available nucleation sites for the martensitic transformation. Propagation of the martensite transformation is also likely to be hindered by the Ni 3 Al precipitates, which results in a transformation driven more by martensite nucleation than transformation propagation. Because this composition is single beta phase at high temperature, quenching in water or liquid nitrogen can limit the formation of c¢ and result in larger martensite areas, [24, 25] but air cooling is more representative of gas turbine operation. The formation of long martensite plates is therefore expected to be limited to a very narrow composition range, and the coating properties below Ms are likely to depend on the martensite plate morphology.
It is worth noting that the Ni-38Al-6Pt and Ni-35Al-6Pt were originally cast by Pint et al. to study the deformation and phase transformation of NiPtAl alloys during cyclic oxidation, and after 1000 1 hour cycles at 1373 K and 1423 K (1100°C to 1150°C), cross sections of Ni-38Al-6Pt specimens did not reveal any cracks. [13] The ductile to brittle transition temperature (DBTT) of the Ni-38Al-6Pt alloy is estimated to range between 873 K and 1123 K (600°C to 850°C), [26] and cycling to temperature above the DBTT will enhance stress relaxation which may prevent crack formation. This may also be the reason why long martensite plates with cracks perpendicular to these plates have not been reported in NiPtAl coatings. Another explanation is that the formation of these large plates requires large grains, while the grain size in coatings is usually less than 75 lm. The martensitic transformation is indeed known to be dependent on the alloy grain size. [27] Cracks along grain boundary have, however, been reported in a NiPtAl coating, [6] and were attributed to the formation of c¢ along the grain boundary. In addition, Esin et al. used in situ surface observation during room temperature tensile tests and finite element analysis to analyze cracking in as-deposited and aged NiPtAl coatings. [28] Their results showed that the coating roughness affects the local stress and strain state, leading to specific crack propagation paths. The c¢ phase formation in aged coatings improved the coating ductility but led to preferential crack initiation at new c¢/beta interfaces. Our work indicates that the difference of height between two adjacent grains, or between these two beta grains and the grain boundary, could also facilitate crack formation along grain boundary.
DH imaging is a powerful tool to study phase transformation through surface characterization; however, the laser signal is readily affected by oxide scale formation. The use of a light-emitted diode instead of a laser diode or working under vacuum would allow for high-temperature DH imaging. Our results show that microstructure evolution in bulk NiPtAl alloys during thermal cycling can differ significantly from NiPtAl coatings due to the continuous composition and phase changes of the coatings at high temperature. DH imaging would allow for the characterization in situ of the coating surface evolution at high temperature.
V. CONCLUSION
Surface observation during thermal cycling of a Ni-6Pt-38Al alloy between 303 K and 403 K (30°C to 130°C) revealed the nucleation and propagation of austenite plates during heating, and martensite plates during cooling. For each cycle, the austenite plate pattern remained exactly the same, but the martensite plate patterns varied. For some grains, the martensitic transformation led to the formation of large plates, and cracks perpendicular to these plates. Cracks in the alloy were also formed after repeated cycling along the grain boundaries. The propagation of these martensite plates through millimeter-size grains is possible because the Al content, 38 at. pct, is low enough for the transformation to occur but high enough to prevent the formation of c¢ precipitates that would favor martensite nucleation over martensite propagation. The formation of large martensite plates is not observed in NiPtAl coatings because of the smaller grain size,~75 lm, vs several millimeters for the cast Ni-6Pt-38Al alloy examined in this study. Digital holographic imaging was found to be a very powerful tool for in situ study of microstructural surface changes.
